Abstract. The aim of this study is to demonstrate the effects of water shortage, which may occur in different periods, on wheat grain yield and quality. One of the most important factors limiting wheat yield in the Southeastern Anatolia Region of Turkey is drought, which is caused by inadequate precipitation and irregular distribution over the year. Four different bread and durum wheat cultivars (Sarıçanak-98, Fırat-93, Pehlivan, Ceyhan-99), which are widely cultivated in the region, were used as the material of the study. The experiment was carried out with 3 replications, according to the random blocks design. The research was carried out under greenhouse conditions. The effects of four different drought conditions on the wheat's development, yield and mineral content were investigated under irrigation (K0), early drought (K1), late drought (K2) and full drought (K3). According to the results, a 9.12% loss in chlorophyll content was observed under irrigated conditions (K0). 21.68% leaf area, 28.98% plant green area, and 52.09% plant height declines were recorded. The amount of potassium (K) was found to change between 2.86 mg (K3) and 34.77 mg (K2), while the amount of calcium (Ca) changed between 0.67 mg (K3) and 33.23 mg (K3) and the amount of sodium (Na) changed between 0.20 mg (K1) and 27.05 mg (K0) in the root and stem of plants.
Introduction
Most of the agricultural areas in the world are affected by different stress factors. Drought stress affects these areas the most at a rate of 26%, mineral substance stress ranks the second, affecting them at a rate of 20%, and cold and frost stress rank the third with 15%. Aside from these, 29% are affected by other stress factors and 10% are not under any stress (Kalefetoglu and Ekmekçi, 2005) . In areas where there is drought risk, the decrease in the water amount available in the soil primarily leads to a reduction in the water potential of the plant. It is well-known that turgor pressure drops, stomas are closed, and leaf development and photosynthesis is decreased in the following stages (Monti, 1986) .
It was reported that 55% of the wheat cultivation areas throughout the world are affected by drought stress periodically (Richards et al., 2010) . The wheat yield in affected areas less than between 50% to 90% of yield potential of irrigable conditions (Reynolds et al., 1999) . It would be useful to develop new and multidisciplinary methods together with classical cultivation methods used for the development of drought-tolerant wheat cultivars.
In Turkey, in the development studies for the drought-tolerant wheat cultivars, generally the "earliness" feature of the plants was used. The height of the plant and leaf width are used as selection criteria. In later generations, drought-resistant cultivars are cultivated as a result of the yield level and "decisiveness". The severity of drought is a serious danger for the Southeastern Anatolian Region of Turkey. The reason of the danger varies depending on years, and it is not known how long the drought stress will last during the development of the wheat and how long its duration will be. In this case, the feature of "earliness" is not adequate for the yield in the conditions of the region, and genetic and some physiological properties are important in determining the resistance to drought. For this reason, it is desired that the cultivars that are developed have a yield potential which are capable of making use of the formation of optimum conditions meanwhile maintaining the yield at a certain rate compared to the sensitive plants when exposed to drought stress.
The yield of the cultivars that are not sensitive to drought stress stays the same even in the most suitable development conditions. The lack of photosynthesis area is shown as the reason for this. Due to this fact, in order to increase the yield, it is necessary to have high photosynthesis capacity as well as physiological durability. The efforts spent on developing a strong wheat variety require physiological tests which are inexpensive, simple, and repeatable and which may be considered as selection criteria with morphological parameters.
In Turkey, wheat plant is cultivated in conditions based on precipitation at a rate of 80%. The total rainfall is not adequate in dry agricultural areas where most of the total rain falls between November and April, and because of the irregular distribution, dry periods in different development stages cause the yield to be reduced.
The purpose of this research is to determine the endurance of bread and durum wheat cultivars produced in the Southeastern Anatolian Region of Turkey by using agricultural, quality and physicochemical parameters under different ecological conditions, which may be seen in different plant growth periods.
Materials and methods
This study was conducted in Dicle University, Agricultural Faculty, Field Plants Department, Medicinal and Aromatic Plants, Open Green House conditions in 2015-16 and 2016-17 cultivation periods. The greenhouse in which the study was performed was open in both sides and the top part was covered; and did not have any limiting factors that hindered air, light and wind. Two bread wheat (Pehlivan, Ceyhan-99) and 2 durum wheat cultivars (Sarıçanak-98, Fırat-93), which are cultivated widely in the region were used in the study as the study material. Fırat-93 and Pehlivan control cultivars have been produced in the region for many years, and have proven themselves to the drought and other negative conditions of the region. Ceyhan-99 and Sarıçanak-98 varieties are cultivated in large areas in the region. The cultivation of wheat in the province of Diyarbakır is made entirely in autumn. All cultivars used as materials were cultivated in autumn. Pehlivan is a kind of biological winter. The study was carried out according to the experimental design of random blocks with 3 replications.
In the Southeastern Anatolian Region of Turkey, precipitation is seldom in summer season. The relative humidity in the air is also quite low. The annual precipitation average of the region has been 485.7 mm and the relative humidity has been around 58% for many years. The trial soils in which the study was carried out is clayey and loamy; and the salt level is low. It is rich in potassium (0.42%), slightly alkaline (pH 7.77), normal limy (7.81% CaCO3) and poor in organic matter (1.67%). The pots which were used in the study were 0.085 square meters each (Diameter: 34 cm, height: 60 cm) and had 18 kg soil volume. The seeding process was done as 12 seeds per pot. After the seeding was done in mid-November as 450 seeds/m 2 , the first irrigation for all of the pots was done for germination. In October, the pots were added 20 kg (DAP 18:46) and urea (46% N) as top-fertilizer.
Drought applications as follows: Fully Irrigated Conditions (K0): The plants were irrigated from the time of planting to maturity, when about 40% of the available water in the soil was consumed. Early Drought (K1): The plants were not irrigated and irrigation was avoided from the time when the second node appeared on the plant to the beginning of the milking stage. Late Drought (K2): The plants were grown in irrigated conditions until the beginning of the milking stage. Irrigation was avoided from the beginning of milking stage to the harvesting period and irrigation was not carried out. Full Drought (K3): Irrigation was avoided from the 2nd node on the plant base until the harvest time. No irrigation was made. Drought applications were determined based on "Feekes" development period scala values by using the gravimetric method (Zadoks et al., 1974; Cook and Veseth, 1991) .
In this research, vegetative characters such as leaf area and index, plant green area, chlorophyll content, plant height, generative characters such as number of grain, grain weight and grain yield and some drought parameters were tried. Leaf area consists only of leaf (lamina) and leaf sheath (vagina), the plant green area consists of the sum of the fields of spike, leaf organs, node and internodes of stem.
In this study, the endurance to drought parameters like the yield, quality and mineral substance contents, Potassium, Calcium and Sodium Concentration in green parts and roots (mg/kg dry weight). Fresh leaf samples were washed with 0.1 % HCl and in pure water and then dried at 70°C for 48 hours. 200 milligrams of these samples were incinerated for 5 hours at 550°C in an ash furnace. The ash obtained was dissolved in 3.3% HCl and filtered using blue tape filter paper (Bremner, 1965) . In the obtained filtrate, K, Ca, Na concentrations were determined by atomic absorption device (Atiunicam 929) in solution.
The chlorophyll content was measured in the 3rd and 4th leaves of plants by the SPAD meter device. the readings were made with the Minolta brand SPAD meter and, the chlorophyll content units were given as SPAD value.
With the data that were obtained as a result of the study, and by using the JUMP 7.0 Statistics Program, variance analysis was made, and the differences between the average scores were evaluated with the LSD Test.
Results and discussion
In this study, in terms of wheat cultivars, it was found that the highest leaf area average was in Ceyhan-99 variety with 28.70 cm 2 ; and the lowest leaf area average score was in Sarıçanak-98 variety with 25.18 cm 2 . The highest leaf area in irrigated conditions (K0) was 31.36 cm 2 , followed respectively by late drought application (K2) with a decrease of 13.23%; full drought application (K3) with a decrease of 16.77%; and early drought application with a decrease of 21.68% ( Table 1) .
In terms of the cultivars, the highest plant green area was determined in Pehlivan with 128.16 cm 2 and the lowest green area average was in Sarıçanak-98 with 110.85 cm 2 . In terms of drought applications, the highest green area value was determined in irrigated conditions (K0: 138.7 cm 2 ), followed respectively by late It was determined that the highest leaf area index average was in Pehlivan with 2.06 and the lowest leaf area index average was in Sarıçanak-98 with 1.57. In terms of drought applications, it was determined the highest leaf area index value was 3.05 in irrigated conditions, followed respectively by late drought application (2.15), early drought application (1.32) and full drought applications (0.88) ( Table 2 ). In terms of average values of the cultivars, it was determined that the highest chlorophyll content was in Fırat-93 with 61.05 SPAD and the lowest chlorophyll content was in Ceyhan-99 with 56.74 SPAD. In terms of drought applications, it was determined that the highest chlorophyll content value was 61.10 in irrigated conditions (K0), followed respectively by early drought application (K1: 60.88), late drought application (K2: 60.10) and full drought applications (K3: 55.53 SPAD) ( Table 2) .
In the present study, it was determined that leaf area, plant green area and chlorophyll content were affected by drought applications. The highest values obtained from the irrigated conditions showed that especially the early drought applications were Alp affected more at a rate of approximately 50%. In fact, plants reduce the transpiration area to decrease water loss to a minimum level with their decreasing leaf surface area in stress conditions. Chlorophyll content is affected by drought stress and is decreased at a significant level when compared with normal irrigated conditions. Chlorophyll decomposition is increased towards the end of the development period due to drought stress (Aghanejad et al., 2015) . It was determined that the highest plant height average was 56.08 cm in Sarııçanak-98 and the lowest plant height average was 50.61 cm in Pehlivan. In terms of drought applications, it was determined that the highest plant height value in irrigated conditions (K0) was 69.93 cm, followed respectively by early drought application (K1) with a 3.07% decrease; late drought application (K2) with a 39.11% decrease; and full drought applications (K3) with a 52.09% decrease ( Table 3) .
The highest number of spike was determined in Pehlivan as 714 pieces/m 2 and the lowest number of ears value was determined in Fırat-93 variety as 611 pieces/m 2 . In terms of drought applications, the highest number of ears in square meter in irrigated conditions was 967 pieces, followed respectively by late drought application (K2: 813), early drought application (K1: 506) and full drought applications (K3: 343) ( Table 3) . The highest fertile stem ratio was determined in Ceyhan-99 with 68.89 % and the lowest fertile stem ratio average was determined in Fırat-93 with 45.16%. In terms of drought applications, the highest fertile stem ratio in irrigated conditions was found as 93.72%, followed respectively by late drought application (K2) and early drought application (K1). In full drought applications (K3), the fertile stem ratio was determined to be 0% ( Table 4) .
In the present study, when the average values of the cultivars were examined it was determined that the highest thousand grain weight was determined in Pehlivan with 26.72 g and the lowest thousand grain weight was determined in Fırat-93 with 19.21 g; and in terms of drought applications, it was determined that the average value varied between 19.49 g and 42.71 g. The highest thousand grain weight value in irrigated conditions (K0) was determined as 42.71 g followed respectively by late drought application (K2) with a decrease of 21.33%; and by early drought application (K1) with a decrease of 54.37%. No grains were obtained in the Full Drought Application (K3) ( Table 4) . It was determined that the highest number of grains in the spike was in Ceyhan-99 with 24.86 and the lowest number of grains in the spike in average was in Fırat-93 variety with 14.01. In terms of drought applications, the highest number of grains in the spike in irrigated conditions (K0) was 35.01, followed respectively by early drought application (K1: 31.52) with a decrease of 9.97%; and late drought application (K2: 12.67) with a decrease of 63.81%. No grains were obtained in the Full Drought Application (K3) ( Table 5 ). The highest average grain yield was determined in Ceyhan-99 variety with 3057.4 kg/ha and the lowest grain yield average was determined in Fırat-93 with 2378.2 kg/ha; and in terms of drought applications, the average values varied between 949.1 kg/ha and 5605.9 kg/ha. The highest grain yield value in irrigated conditions (K0) was determined as 5605.9 kg/ha followed respectively by early drought application (K1) with a decrease of 17.72%; and late drought application (K2) with a decrease of 83.07%. No grains were obtained in the Full Drought Application (K3) ( Table 5) . Early drought applications were found to be effective on plant height, especially grain number per spike and indirectly on grain yield. Grain yield was taken but remained quite low.
In terms of drought applications, it was determined that the highest potassium amount in the plant root tissues was in early and late drought applications (K1: and K2: 18.20 mg), and the lowest potassium amount was 13.09 mg in full irrigated conditions. In the evaluation made in terms of variety-drought applications, the highest Potassium amount was determined in Sarıçanak-98 in the late drought application (K2: 18.23 mg), and the lowest Potassium amount value was found in Ceyhan-99 variety in late drought application (K2: 5.12 mg) ( Table 6 ). In terms of the potassium (K) amount in the stem tissues of the wheat plants, when the average values of the cultivars were examined, it was determined that the highest Potassium amount was in Ceyhan-99 variety (24.47 mg) and the lowest Potassium amount was in Pehlivan variety (14.94 mg). In terms of drought levels, it was determined that the highest Potassium amount average was found in early drought application (K1: 18.71 mg), and the lowest Potassium average was found in irrigated conditions (K0: 13.09 mg) ( Table 6 ). In the examinations on plant roots, it was determined that Fırat-93 variety had a value of 16.63 mg in terms of Calcium amount and Ceyhan-99 variety had an average of 6.15 mg. In terms of drought levels, the highest Calcium amount was determined in the late drought application (K2: 17.20 mg), the lowest Calcium average was determined in the full drought application (K3: 7.15 mg). In terms of variety-drought interaction, it was determined that the highest Calcium amount value was in Pehlivan variety in late drought application (K2: 29.40 mg), and the lowest Calcium amount value was in Fırat-93 variety in full drought application (K3: 0.670 mg) ( Table 7) . In terms of the Calcium (Ca) amount found in the stem tissues of the wheat plants, when the average values were examined in terms of the average values of the cultivars, it was determined that the highest Calcium amount was in Ceyhan-99 variety (17.33 mg) and the lowest Calcium amount was in Sarıçanak-98 variety (9.27 mg). In terms of drought levels, it was determined that the highest Calcium amount average was in full drought application (K3: 13.47 mg), and the lowest Calcium average was in late drought application (K2: 10.63 mg) ( Table 7) . As a result of the analyses made on the plant root tissues it was found that the highest Sodium amount was in Ceyhan-99 variety (18.33 mg) and the lowest Sodium amount was in Pehlivan variety (2.22 mg). In terms of drought applications, the highest Sodium amount average was determined in irrigated conditions (K0: 14.51 mg), and the lowest Sodium average was found in late drought application (K2: 9.10 mg). In terms of variety-drought interaction, the highest Sodium amount was determined in Ceyhan-99 variety in early drought application (K1: 23.34 mg), and the lowest Sodium amount value was determined in Pehlivan variety in early drought application (K1: 0.20 mg). In terms of the Sodium (Na) in the stem tissues of the wheat plants, when the average values were examined, it was determined that the highest Sodium amount was in Ceyhan-99 variety (15.41 mg) and the lowest Sodium amount was in Pehlivan variety (0.69 mg). In terms of drought levels, the highest Sodium amount average was determined in full drought application (K3: 18.90 mg), and the lowest Sodium average was determined in early drought application (K1: 3.35 mg). In terms of variety-drought interaction, the highest Sodium amount was determined in Ceyhan-99 variety in irrigated conditions application (K0: 27.05 mg), and the lowest Sodium amount value was determined in Pehlivan variety in full drought application (K3: 0.21 mg) ( Table 8 ). 
Conclusion
The effects of drought on the development and yield of the wheat depends on the developmental period in which drought occurs, on the severity, and on the time of the drought. The negative effect of drought on the leaf area after the heading and blooming is considered as the sole reason of the decrease in the yield. The drought occurring at the spike formation stage causes reductions in the number of grains in spike, and the one occurring after the blooming affects negatively the increase in the mass weight of the grains after a certain point.
The increase of Potassium concentration in plant tissues increases the durability of the plant to stress factors (Hsiao and Lauchli, 1986) . It is known that the genotypes which have more K and Ca ions in green parts and roots have increased endurance to stress conditions, and in addition, this also causes increases in the enzyme activities in the genotypes during drought stress (Kusvuran, 2010) . One of the basic elements that is necessary for growth and development is K and the other one is Ca ion. Abiotic stress affects the K and Ca intake negatively. In the present study, it was observed that drought stress increased the K and Ca levels in the plant however, it was also observed that this level changed according to different drought applications. It is possible to claim that especially in the late drought application, the substance coverage of both minerals increased. Again, it was also determined that the cultivars showed different K and Ca levels in different drought applications. It is known that the Sodium ion causes necrotic stains on the shoots and leaves starting from the old leaves in drought conditions (Aktas, 2002; Dasgan et al., 2006) . As seen in the K/Na and Ca/Na rates in the green parts and roots, it was determined that the genotypes with higher Na and lower K and Ca contents were more susceptible to damage. As a result, Ceyhan-99 cultivar which show the best average of 7 agricultural and biochemical characters, were superior to all other wheat cultivars in Southeast Anatolia conditions of Turkey. However, these drought studies should be continued for longer years and changing climate conditions, the drought resistance of the varieties, produced in the region should be determined.
